Subsurface drip irrigation is one of the modern irrigation techniques that assist to control applied water by providing water to plant roots by drippers. Numerical simulation by using HYDRUS (2D/3D) was used to develop a formulas for estimating wetted area from subsurface drip irrigation together with water uptake by roots. In this study, two soil types, namely sand and sandy clay loam, were used with two types of crops, (tomatoes and onions). Different values of initial moisture content of soil, drip depth, and drip discharge were used in the simulation. The soil wetting patterns were analyzed each half an hour for three hours of irrigation time, and five initial soil moisture contents and different flow rates. To verify the results gained by applying HYDRUS (2D/3D) a field experiment was carried out to measure the wetted width and compare measured values with simulated values. Formulas for wetted width and depth were developed. The performance of the model was evaluated by comparing the predicted results with those obtained from field experiments. The modeling efficiency was greater than 98% and the root mean square error did not exceed 1.68 cm for both soils with good agreement.
Introduction
Water scarcity presents an important problem nowadays. This problem surely will get worsein the future. Subsurface drip irrigation is one of the economical methods to overcome water shortage. Many investigators evolved so far empirical, mathematical, and numerical methods to explain the soil wetted pattern [4, 10] Others evolved soft wares to simulate the geometry of wetting pattern. HYDRUS (2D/3D) is one of the softwares that can be utilized to analyze soil wetting pattern from subsurface drip irrigation for a diversity of conditions involving irrigation time, emitter flow rate, initial soil moisture content, emitter depth, and different uptake characteristics of plants. Elmaloglou and Diamantopoulos, 2009 evolved a mathematical model to describe water flow under subsurface drip irrigation lines. They considered evaporation from soil surface, root uptake of plant, and hysteresis in the soil-water curve. The performance of model was evaluated by comparing the values of water content gained from analytical solution with values gained by applying HYDRUS (2D/3D) for a buried tap source. The results showed that soil wetting pattern depends upon hydraulic characteristic of the soil, and when the soil evaporation is neglected soil water s is more facilely taken up by the roots of plant.
Kanelous, et al., 2011 analyzed the wetting front of the soil from three different cases of dripping by using HYDRUS (2D/ 3D), involving: a wetting two-dimensional from a line source, an axisymmetrical wetting two-dimensional from a point source, and three-dimensional wetting from a point source. Their results showed that the shape of wetting pattern from subsurface drip irrigation can be described minutely by utilizing two dimensional axisymmetryal. Phull and Babar, 2012 presented semi empirical formulas to estimate the dimension of wetted area under line source of SDI by utilizing dimensional analysis. The models depended on depth of lateral placement, saturated hydraulic conductivity of soil, discharge rate per unit length of pipe, and time of irrigation. Their formulas obtained from their study depended on results of their laboratory experiments that were carried out on loamy sand mixed with gravel. Their formulas are:
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. (2) where W was wetted soil width (m), Q was water application rate per unit length of pipe (m s) ⁄ , K was saturated hydraulic conductivity (m ⁄s), Z was depth of lateral placement (m), t was infiltration time (s), and D was wetted soil depth (m). The results showed that the evolved models can be utilized to estimate the dimensions of wetted zone with a high accuracy.
Al shemmary and Salims, 2016 estimated wetting pattern from a subsurface line source drip irrigation (SDI) system in the horizontal and vertical directions. A series of field experiments were conducted in sandy clay loam soil. In each experiment 10 m of drip tube was buried at 20 cm below soil surface with 0.3 m spacing between drippers. Irrigation water was applied at three irrigation durations 2.5, 5.0, and 10.0 hours. Measurements of water content were done by five water content sensors installed at different depths (10, 20, 30, 40, and 50 cm) beneath soils surface. HYDRUS-(2D) was utilized to simulate two dimensional pattern of moisture front during 24 hours after starting irrigation. The results showed excellent agreement between measured and simulated water content values.
Materials and Methods
In this study, HYDRUS (2D/3D), software version 2.05 was used to numerically model water flow from a subsurface drip irrigation. This software was evolved by [11] . The model numerically solves Richard's equation in isotropic unsaturated soils. This equation can be written in two-dimensional coordinates [12] as:
where was the volumetric soil water content ( / ), h was the soil water pressure head ( ), S (h) was as sink term representing plant root water uptake ( . /ℎ ), t was time (ℎ ), K (h) was the unsaturated hydraulic conductivity function (cm/ℎ ), and x, z were the horizontal and vertical spatial coordinates ( ), respectively. The soil moisture retention was modeled using van Genuchten equation [13] :
Where Se was effective saturation, dimensionless, s was volumetric saturated water content ( / ), r was volumetric residual water content ( / ), n was pore size distribution index, dimensionless, and α was inverse of the air_entry value ( ). The hydraulic conductivity was assumed to be described using the closed form equation of Van Genuchten, [13] which combines the analytical expression of Eq. (4) with the pore size was distribution model of Mualem [8] :
The sink term S(h) explaining plant root water uptake can be computed utilizing the approach of Feddes, et al., [6] represent by:
where S (h) was actual root water uptake rate ( . /ℎ ), (ℎ) was a dimensionless water stress response function for water uptake by plant roots [6] , was potential root water uptake rate (cm3.cm-3/h), (x, z) was a function for describing the spatial root distribution [14, 15] (cm-2), Lx was the width of the soil surface associated with the potential planta transpiration ( ), T was the potential transpiration rate (cm/ℎ ), X was the maximum rooting lengths in the x direction (cm), was the maximum rooting lengths in z direction ( ), x was the distance from the origin of the plant (tree) in the x direction ( ), z was the distance from the origin of the plant (tree) in the z direction ( ), and p , p , x * , z * are empirical parameters. In Table. 1 the parameters describing a spatial root distribution for HYDRUS model [14] are presented. 4) and (5) . The hydraulic parameters (Ks, θs, θr, α, n), initial waters content of soil, and root distribution parameters (Xm, Zm, Px, pz, x*, y*, z*) were required to run the model. Wetting patterns from a subsurface drip irrigation were predicted by utilizing two different soil textures namely sand and sandy clay loam soil. The characteristics of these soil were shown in Table. 2 and it was obtained from HYDRUS. Since water flow from a subsurface drip was two dimensional axisymmetric, half the domains required to be simulated in HYDRUS (2D/3D). The single subsurface trickle was placed at left of domain near to plant's root and it is as shown in Fig. 1 . Three depths of emitter were utilized in this work 10, 15, and 20 cm. The top of surface soil was considered to be at atmospheric pressure while the bottom boundary was assumed to be free drained. The variable flux boundary was utilized along the boundary of drip to represent the drip. The vertical sides of soil were assumed with no flux because the movement of soil water will be symmetric along these boundaries. Fig. 2 represent these boundaries. In this study, simulation was conducted on a rectangular domain. The dimensions of this rectangular domain were 130*100 The irrigation flux can be calculated in HYDRUS as follows: (assumed three emitters per one meter) and flux must not exceed the saturated hydraulic conductivity. The flux was calculated as follows:
Crop type zm, (cm) z * (-) pz,(-) where qf was flux per unit area( /ℎ ), Q was flow rate of emitter ( /ℎ ), N was number of emitters, r was radius of emitter ( ), and L was length of irrigation line ( ).The wetting patterns for the soils were analyzed at the end of each half hour for three hours of irrigation. Drip discharges utilized to simulate the soil wetting patterns were 1, 1.5, 2, 2.5 and 3 l/hr for sand soil and 0.1, 0.2, and 0.3 l/hr for sandy clay loam soil. Five initial soil moisture contents were utilized in the simulation process as presented in Table. 3. These water contents was selected between the water content at field capacity and wilting point for each soil 
Statistical Parameters
In order to test the agreement between the results from the evolved formulas and those from HYDRUS (2D/3D) software, statistical parameters were used for this purpose. These parameters comprise root mean square error (RMSE), and modeling efficiency (EF). These parameters were calculated as follows [3] :
where n was number of values, Mi were values predicted by using HYDRUS-2D software (cm), Si were values obtained from the evolved formulas (cm), M was mean of values obtained from HYDRUS (2D/3D) software (cm). The optimal value of root mean square error approaches zero, and the modeling efficiency has the maximum at 1 when predicted values perfectly match the observed ones while a model with EF close to 0 would not normally be considered as a good model.The relative error (RE) was used to test the agreement between measured and calculated values of wetted width. The relative error was calculated as follows [3] :
where M was measured wetted width (cm), and S was simulated wetted width (cm). The optimal value of relative error close to 0 would normally be considered as a good model.
Field Work
The field experiment was carried out on a loam soil, at Hor Rajab, south of Baghdad. It was conducted during the growing seasons of 2017 in December. Cucumber crop was selected for this research to measure wetted width. Saturated hydraulic conductivity (Ks) and average apparent specific gravity (As) were found to be 1.9 cm/hr and 1.54, respectively. The emitter discharge was 15 cm3/min. The loam soil was used in this study because the difference in hydraulic conductivity for loam and sandy clay soil was little.
Results
A multiple regression analysis was utilized to evolve formulas to assess the dimensions of soil wetted pattern.
For two soil textures the information obtained by implementing HYDRUS (2D/3D) software for various initial moisture contents of soil, emitter flow rates, emitter depths, and irrigation times were used to carry out a multiples regression analysis. Statistica software Version 12 was utilized to carry out the analysis. This software depends upon an optimization procedure to finds the best fit formula for specific series of conditions. An empirical formula was gained to predict wetted pattern for sand and sandy clay soils. Tables. 4 and 5 show the evolved formulas of the wetted width, wetted depth, and the Statistical parameters involving modeling efficiency and root mean square error, respectively. From the results demonstrated in the tables it was obvious that the RMSE between the predicted values by HYDRUS (2D/3D) software and those obtained from the evolved formulas was less than 1.69 cm while the EF was about 98% for sand soil and 99% for sandy clay loam soil. The RMSE and EF obtained from this study was approaches from the optimal values 
Performance of the Models
Performance of the models were tested by comparing the predicted values of wetted width obtained from the evolved formulas with those from field experimental work, and results from HYDRUS (2D/3D) software, and results from the formula evolved by Phull and Babar's model. software are close to the measured ones. The wetted width from the Babar's model was different from measured wetted width. This was essentially because that model does not comprise the initial moisture content of the soil and was derived for specific range of saturated hydraulic conductivity. The relative error was ranged between 6% to 23%. The difference in relative error between the field measurement and the formulas of wetted width because the approximation in the formulas. Also the difference in relative error between the field measurement and them Phull and Babar's because their model did not comprise the initial water content 
Conclusions
The conclusions obtained from the study were:
1. Soil wetting pattern around subsurface emitter was mainly dependent on hydraulic properties of the soil, flow rate of emitter, time of irrigation, emitter depth, and root water uptake. where 2. The modelling efficiency was decrease 35%for each soil if was neglected the emitter discharge.
3. The modelling efficiency was little effect if it was neglected the emitter depth, initial soil moisture content.
4. Depending on the predicted results of this investigation, the presence of plant does not effect the dimension of wetted area.
5.
The soil type effects the wetted zone.
6. The empirical formulas to estimate the geometry of the wetted area was prosperous and can be utilized it to predict the wetted width and depth from a subsurface emitter (as presented in Tables. 4 and 5.
Nomenclature
-SDI= subsurface drip irrigation -DI= surface drip irrigation -θr= residual water content, cm 3 /cm 3 .
-θs= saturated water content, cm 3 /cm 3 .
-Ks= saturated hydraulic conductivity, cm/hr.
-α = inverse of the air-entry value, 1/cm.
-n = pore size distribution index, dimensionless.
-θi = initial soil moisture content -t = time, hr.
-qf= flux per unit area, cm/hr.
-Z = emitter depth, cm.
-Q = emitter discharge, l/hr.
-RMSE = root mean square error, dimensionless.
-EF = modelling efficiency, dimensionless.
-N = number of emitters, r was radius of emitter, cm.
-L = length of irrigation line, cm.
-F.C= water content at field capacity, cm 3 /cm 3 . P.W.P= water content at wilting point, cm 3 /cm 3 . 
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